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Detailed report 

(Name of invention) 
hghting equipment 

Abstract 
(Object) 

This invention offers lighting equipment which can acquire maximum emission 
from a thin model by having a reflective plate that introduces light to a transparent plate 
with efficient reflection and also controls temperature to fit the temperature 
characteristics of the light source. 

(Constitution) 

This invention is concerning the lighting equipment which has the following 
characteristics: Edge-lighted lighting equipment consists of a transparent plate 1, a light 
source 2 which is arranged on the input side la of this transparent plate 1, and a reflective 
plate 3 which reflects light emitted from light source 2 on the transparent plate 1 . In this 
equipment, light emitted from the light source 2 is introduced into the transparent plate 1 
from the input side la of the transparent plate 1. At the same time, it is output from the 
output surface lb which is perpendicular to the input side la for illumination. This 
lighting equipment has a surface temperature control step which adjusts the surface 



temperature of the light source 2 to maximize emissivity of the of light source 2 in 
accordance with the temperature characteristics of the light source 2. 

Sphere of patent request 
(Claim 1) 

Claim 1 is concerning the lighting equipment which has the following 
characteristics: Edge-lighted lighting equipment consists of a transparent plate, a light 
source which is arranged on the input side of this transparent plate, and a reflective plate 
which reflects light emitted from light source to the transparent plate. In this equipment, 
light emitted from the light source is introduced into the transparent plate from the input 
side of the transparent plate. At the same time, it is output from the output surface which 
is perpendicular to the input side for illumination. This lighting equipment has a surface 
temperature control step which adjusts the surface temperature of the light source to 
maximize emissivity in accordance with the temperature characteristics of the light 
source. 

(Claim 2) 

Claim 2 is concerning the lighting equipment in claim 1 where the surface 
temperature controlling step consists of a structure which maintains a fixed distance 
between the Ught source and reflective plate. 

(Claim 3) 

Claim 3 is concerning the lighting equipment in claim 1 where the surface 
temperature controlling step consists of a structure where the light source and reflective 
plate are in contact. 

(Claim 4) 

Claim 4 is concerning the lighting equipment in claim 1 where breathing holes in 
the reflective plate become the surface temperature controlling step. 

(Claim 5) 

Claim 5 is concerning the lighting equipment in claim 1 where the surface 
temperature controlling step consists of changing the gap between the light source and 
reflective plate gradually in a direction parallel to the light source. 

(Claim 6) 

Claim 6 is concerning the lighting equipment in claim 1 where the surface 
temperature controlling step consists of a reflective plate made of thermally conductive 
material. 

(Claim 7) 

Claim 7 is concerning the lighting equipment in claim 1 where the surface 
temperature controlling step consists of temperature adjustment device which actively 
heats or cools the Hght source. 



(Claim 8) 

Claim 8 is concerning the lighting equipment in claim 1 where the surface 
temperature controlling step consists of a temperature adjustment step which actively 
heats or cools the reflective plate. 

(Claim 9) 

Claim 9 is concerning the lighting equipment in claim 1 where the surface 
temperature controlling step consists of temperature adjustment step which actively heats 
or cools gas around the light source. 

(Claim 10) 

Claim 10 is concerning the lighting equipment in claim 1 where a medium 
different from gas is arranged around the light source as the surface temperature 
controlling step. 

(Claim 11) 

Claim 1 1 is concerning the Ughting equipment in claim 10 where the reflective 
index of the cooling medium around the transparent plate 1 is equal to the refractive 
index of the transparent plate. 

Detailed explanation of the invention 
[0001] 

This invention is conceming edge-lighted lighting equipment which used for 
various kinds of planar light source devices such as guiding li^ts. 

[0002] 
(Prior art) 

With edge-lighted equipment of the prior art, the following principle is used. 
Light from the light source 2 is incident from the input side of the transparent plate 1. 
Using total intemal reflection, Ught is transmitted inside the transparent plate 1. Light 
which has changed direction by hitting dot pattems or textured shapes on the back side of 
this transparent plate 1 is output through the output surface, and the front part is 
illuminated. In this method, reflection losses at the input interface are produced. Its 
efficiency is worse compared to lighting equipment where the light source 2 is exposed. 
Because of this, in order to increase output efficiency, there have been improvements 
such as increasing input efficiency or increasing output efficiency. 
[0003] One of method of increasing input efficiency is to use a reflective parabola or 
oval, etc. For instance, in Japan patent No. H 4-257823, the specific shape shown in 
figure 10 is used to improve efficiency of the light source 2. In these methods, since light 
emitted from the light source 2 is input into the transparent plate 1 as efficiently as 
possible, standard procedure is to output light from the center of the light source 2. The 
light path is fixed, and improvements in input efficiency are expected. 

[0004] 

(Problem that this invention tries to solve) 



However, in the above example of the prior art, although light output from the 
light source is used effectively, the surface temperature of the hght source 2 gets too high 
because of internal heating in the hght source 2 itself, and emission from the light source 
2 is decreased. As a result, efiBciency becomes bad. In addition, since the reflective plate 
becomes thicker than the transparent plate 1, it is hard to reduce the total thickness 
sufficiently. 

[0005] This invention has been made considering these problems with the prior art. Its 
object is to offer lighting equipment which has a reflective plate which guides light to the 
transparent plate with effective reflection and acquires maximum light emission by 
maintaining the temperature of the light source according to the temperature 
characteristics of the hght source in a thin model tool. 

[0006] 

(Steps for solution) 

Claim 1 is conceming lighting equipment which has the following 
characteristics: Edge-hghted hghting equipment consists of a transparent plate 1, a light 
source 2 arranged on the input side la of this transparent plate I, and a reflective plate 3 
which reflects Ught emitted from the light source 2 to the transparent plate 1. Jn this 
equipment, light emitted from the light source 2 is introduced into the transparent plate 1 
from the input side la of transparent plate 1. At the same time, it is output from the 
output surface lb which is perpendicular to the input side la. This lighting equipment 
has a surface temperature control step which adjusts the surface temperature of the light 
source 2 to maximize efficiency of the Ught source 2 in accordance with the temperature 
characteristics of the light source 2. 

[0007] In this hghting equipment, the surface temperature of the light source 2 is adjusted 
by a surface temperature controlling step to maximize efficiency. That is, the light source 
2 normally has maximum output at a certain fixed surface temperature. The surface 
temperature controlling step is adjusted to keep the source at this surface temperature. 
[0008] Claim 2 has a surface temperature controlling step that consists of a structure 
which maintains a fixed distance between the light source 2 and reflective plate 3. 
[0009] In this lighting equipment, when the distance between the Ught source 2 and 
reflective plate 3 is increased, the surface temperature of the light source 2 can be 
reduced. 

[0010] Claim 3 has a surface temperature controlling step where the Ught source 2 and 
reflective plate 3 in claim 1 are in contact. 

[001 1] In this lighting equipment, heat from the Ught source 2 is transmitted to the 
reflective plate 3 and the surface temperature of the light source 2 is reduced. 
[0012] Claim 4 has breathing holes 3a in the reflective plate 3 in claim 1 that form the 
surface temperature controlling step, 

[0013] In this lightmg equipment, heat emitted from the Ught source 2 escapes through 
gas which passes through the breathing holes 3a, and the surface temperature of the Ught 
source 2 can be reduced. 

[0014] Claim 5 has a surface temperatiu-e controUmg step where a gap between the light 
source 2 and reflective plate 3 is changed gradually in a direction parallel to the Ught 
source 2 in claim 1. 



[0015] In this lightening equipment, for example, when the gap is enlarged at the ends of 
the li^t source 2, gas aroimd the light source 2 can escape from the wide gap at the ends 
of the reflective plate 3. Therefore, heat from the Ught source 2 escapes around the end of 
ttie reflective plate 3, and the gap can be adjusted to lower the surface temperature of the 
light source 2. Also, on the contrary, if the gap is reduced at the end of the light source 2, 
the surface temperature of the light source 2 can be increased. 
[0016] Claim 6 has a temperature controlling step that consists of a reflective plate 3 
made of thermally conductive material. 

[0017] In this lighting equipment, heat emitted from the light source 2 escapes through 
the reflective plate 3, and the surface temperature of the light som'ce 2 can be reduced. 
[0018] Claim 7 has a surface temperature controlling step that consists of a temperature 
adjustment device which actively heats or cools the Hght source 2 in claim 1 . 
[0019] In this Ughting equipment, the light source 2 can be held at the appropriate 
temperature by a temperature adjustment device. 

[0020] Claim 8 has a surface temperature controlling step that consists of a temperature 
adjustment step which actively heats or cools the reflective plate 3 in claim 1. 
[0021] In this lighting equipment, it is possible to adjust the surface temperature of the 
light source 2 indirectly through the reflective plate 3. 

[0022] Claim 9 has a surface temperature controlling step that consists of a temperature 
adjustment step which actively heats or cools the gas around the light source 2 in claim 1. 
[0023] In this lighting equipment, by adjusting the temperature of the gas around the light 
source 2, the surface temperature of the light source 2 can be adjusted. 
[0024] Claim 10 uses a medium different from gas around the light sowce 2 as the 
surface temperature controlling step in claim 1. 

[0025] In this lighting equipment, heat emitted from the light source 2 can escape 
through this medium. The amoimt of heat transferred depends on the medium. In other 
words, by selecting the mediimi, surface temperature of the light source 2 can be 
adjusted. 

[0026] Claim 1 1 uses a heat transfer medium with a reflective index equal to the 
refractive index of the transparent plate 1 in the space around the transparent plate 1 in 
claim 10. 

[0027] In this lighting equipment, input losses from the light source 2 to the transparent 
plate 1 are minimized. 

[0028] 

(Examples of this invention) 

Examples of this invention are going to be explained in the following referring to 
the attached figures. 

[0029] Figure 1 and figure 2 show lighting equipment according to this invention. Figure 
1 is a cross section; figure 2 is a cross section which shows a different example of the 

reflective surface 2c on the transparent plate 1 in (A) or (B). 

[0030] As shown in figure 1, this lighting equipment is edge-lighted. In this figure, 1 is 
the transparent plate; 2 is a cool cathode tube or fluorescent lamp. The hght soiu'ce 2 is 
normally linear as shown in the figure, and it is arranged parallel to the input side la of 
the transparent plate 1 . 3 shows the reflective plate for collecting light emitted from the 



light source This lighting eqmpment consists of a the light source 2, transparent plate 1, 
and reflective plate 3, 

[0031] Figure 2 shows the lighting equipment above. Li this case, example of one side 
illumination is indicated. The reflective surface 2c is covered by a reflective sheet 4. 
[0032] In this figure, the firont and back surfaces which intersect the input side la where 
the li^t source 2 is arranged is adopted as the output surface lb and reflective surface Ic. 
The reflective surface Ic has a textured 1 1 or dot pattern 5. Light emitted from the light 
source 2 is input to the inside of the transparent plate 1 from input side la either directly 
or after being reflected by the reflective plate 3. Incident light repeats total internal 
reflection and progresses inside the transparent plate 1. When it hits the V shaped 
textured pattern 1 1 parallel to the light source 2 as shown in (A) of this figure or the 
printed dot pattern 5 as shown in (B) of this figure, it is reflected and changes direction. 
Light which reaches the output surface lb of the transparent plate 1 at an angle less than 
the critical angle is transmitted and is output for illumination. 

[0033] The efficiency of this method generally becomes high as the ratio of the diameter 
of the light source 2 to the thickness of transparent plate 1 gets smaller. When the 
thickness of the transparent plate 1 and diameter of the Ught source 2 are chosen, it better 
if light reflected by the reflective plate 3 will not retum to the light source 2 again, that is, 
there should be a gap between them. When a bent reflective plate 3 is used, heat transfer 
from the light source 2 cannot catch up, and the temperature of the light source 2 
becomes too high and emission is decreased. On the contrary, it may lower efficiency. 
[0034] In order to cope with reduced emission as in the above, the lighting equipment in 
this example has a temperature controlling step that maintains the source temperature in 
accordance with the temperature characteristics of the light source 2 to maximize 
efficiency of the Hght source 2. 

[0035] In the following, one specific example of practice of lighting equipment of this 
example is going to be explained more specifically referring to figures 3 to 9. 
[0036] Figure 3 is a graph of output and surface temperature of the light source 2. As 
shown in this figure, since a light source 2 such as a cold cathode tube or fluorescent 
lamp uses electric discharge, emission is changed by the coldest temperature of the light 
source 2. Output is maximum at a certain surface temperature. That is, efficiency drops if 
the temperature is either too high or too low. Therefore, in use, the surface temperature 
should be controlled to maximize output. Heat generated by the light source 2 is 
transmitted to the gas, and it is transmitted from the gas to the reflective plate 3 and is 
transported to the outside. This is the actual heat transfer path. Therefore, the surface 
temperature will change largely dependmg on the spatial relationships or construction 
material. 

[0037] Figure 4 is a side view of one specific example of this lighting equipment. In this 
hghting equipment, by adjusting the thickness of the gas layer between the light source 2 
and reflective plate 3, the surface temperature of the light source 2 is controlled to 
maximize output. That is, a structure maintains a fixed distance between the light source 
2 and reflective plate 3 is adopted as the surface temperature controlling step. 
[0038] Since the gas layer has an insulating effect, if the gap between the Hght source 2 
and reflective plate 3 is too wide, heat transfer is inhibited. Not only that, when the light 
source 2 is in tiie center of the curve of the reflective plate 3, Hght which returns to the 
light source 2 is increased, and losses also increase, hi order to control heat transfer by 



choosing a secure light path, the positional relationship shown in (A) of this figure. Also 
in (B) of this figure, heat transfer is controlled by making a narrow gap in one spot, it 
becomes the coldest point, and the surface temperature of the light source 2 can be 
controlled with efficiency. 

[0039] Figure 5 is a cross section which shows another specific example of this lighting 
equipment, and each different example is shown in (A) and (B). 
[0040] In this lighting equipment, the light source 2 and reflective plate 3 are in contact 
to control the surface temperature to maximize output. 

[0041] In (A) of this figure, if the reflective plate 3 contacts the source along a line in the 
lengthwise direction of the light source 2 and the gas layer is removed, direct heat 
transfer occurs and the surface temperature of the light source 2 can be controlled easily. 
However, there will be no route that light can be circulated, it only one spot in the middle 
should be in contact, or the contact area should be transparent resin as shown in (B) since 
the light path can be secured. 

[0042] Figure 6 is a cross section which shows another specific example of the above 
lighting equipment. 

[0043] In this lighting equipment, breathing holes 3a are formed on part of the reflective 
plate as the surface temperature controlling step. 

[0044] Accordingly, by arranging slits in the reflective plate 3 in the lengthwise direction 
of the light source 2, gas transfer becomes possible. Heat transfer to the outside is easy 
However, if the breathing holes 3a are enlarged, light also leaks. The size is chosen to 
minimize these losses. 

[0045] Figure 7 is a cross section which shows another specific example of the above 
lighting equipment. 

[0046] In this lighting equipment, the gap between the light source 2 and reflective plate 
3 gradually changes in the direction parallel to the light source 2, and this structure is 
adopted as the surface temperature controlling step. With this structure, the surface 
temperature of the light source 2 is controlled to maximize emission. 
[0047] In this case, the gap increases gradually as it gets closer to the end of the 
reflective plate 3. Accordingly, gas transfer become easy near the end, and heat transfer 
to the outside is easy. Also in this case, the properties (curing ratio or thickness) of the 
reflective plate 3 also change so that input efficiency to the transparent plate 1 will not 
drop. 

[0048] A reflective plate 3 consisting of thermal conductive material adopted as the 
surface temperature controlling step is also one of the desirable examples. When the 
surface temperature of the light source 2 is too high and a large amount of heat needs to 
escaped, a reflective plate 1 such as silver, copper, or aluminum with good heat transfer is 
used. When the surface temperature of the Ught source 2 is too low, if a reflective plate 3 
made of with steel with relatively low conductivity is used, heat transfer can be 
controlled. In this case, since reflectivity changes depending on the material, a material 
with high reflectivity such as silver is vapor-deposited inside. 

[0049] Figure 8 is a cross section which shows another specific example of this lighting 
equipment. 

[0050] In this lighting equipment, temperature is adjusted by actively heating or cooling 
the li^t source 2. That is, by actively heating or cooling the light source, the surface 
temperature of the light source 2 is controlled to maximize emission. More specifically. 



as shown in the figure, a heat pipe 6 is arranged next to the light source 2. Therefore, 
temperature is easily adjusted using this heat pipe 6. Furthermore, adjustment of this heat 
pipe 6 can be used to compensate for changes in room temperature. In addition, it can 
cope with seasonal changes in temperature when there is no air conditioning. 
[0051] Figure 9 is a cross section which shows another specific example of this lighting 
equipment. Each different example is shown in (A) or (B). 

[0052] In this lighting equipment, a temperature adjustment device which actively heats 
or cools reflective plate 3 is adopted as the surface temperature adjustment step. That is, 
by actively heating or cooling the reflective plate, the surface temperature of the light 
source 2 is controlled to maximize emission. 

[0053] More specifically, as shovra in (A) of this figure, a heat pipe 6 is placed outside of 
the reflective plate 3. Accordingly, temperature control of reflective plate 3 becomes 
possible by this heat pipe 6. Heat emitted fi-om the light source 2 escapes indirectly 
through this reflective plate 3. In this method, since the heat pipe 6 is placed outside of 
the reflective plate 3, it does not interfere with the light path. 

[0054] The temperature adjustment equipment shown in (B) of this figure is a cooling fan 
7. 

[0055] The same as in figure 8, this lighting equipment can cope with changes in room 
temperature which depend on air conditioning or seasonal changes. 
[0056] Temperature adjustment equipment which actively heats or cools the gas around 
the light source 2 is also a desirable example. For instance, gas between the reflective 
plate 3 and the hght source 2 is circulated using a fan. The temperature of the reflective 
plate 3 and the light source 2 can be controlled at the same time. When temperature is to 
be increased, a heater can be used. In this case also, the temperature can be controlled 
without blocking the light path. 

[0057] In addition, a medium different from gas can be used around the light source 2 as 
the surface temperature controlling step. Heat emitted from the light source 2 escapes 
through this medium. For instance, instead of gas between reflective plate 3 and the light 
source 2, it can be filled with helium or neon with better heat conductivity; or krypton or 
xenon with worse heat conductivity. The heat transfer speed is controlled, and the 
surface temperature of the light source 2 can be increased or reduced. 
[0058] As long as the medium transmits light and does not conduct electricity, other 
products can be used. In this example also, the hght path is not blocked. 
[0059] Furthermore, by making the refi-active index of the medium equal to the refi-active 
index of the transparent plate 1, input efficiency is improved. This is also one of the 
desirable examples. When light emitted firom the light source 2 is incident to the 
transparent plate 1 through the gas, if the transparent plate 1 is acryl, the refi-active index 
of the gas nl is 1, and the refi-active index of acryl n2 is 1.49. Accordingly, when light 
that is perpendicularly incident is considered, reflective losses R are calculated by the 
following formula, and approximately 4 % loss will be generated. 
[0060] R == (nl - n2)^ / (nl -f n2)^ 

When the refractive index of the medium is equal to the refractive index of the 
transparent plate 1, the kernel of the above formula becomes 0, and no reflective losses 
will be produced. Accordingly, if light is mcident through a medium equal to the 
transparent plate 1 without gas, improvement in efficiency is expected, and luminosity or 
brightness can be increased. 



[0061] 

(Effects of this invention) 

As in claims 1 to 10 above, with edge-lighted equipment which has a light source, 
transparent plate, and reflective plate for injecting light emitted from the light source to 
the transparent plate, surface temperature can be controlled in accordance with the 
temperature characteristics of the light source by a surface temperature controlling step. 
This maximizes emission of the light source, and the amount of light available for 
illumination is increased, and lighting with good efficiency can be acquired. 
[0062] In addition, if a plate is arranged opposite the light source, heat must be removed, 
and the surface temperature of the light source tends to be higher than the best value. 
However, in the case of this invention, it is easy to control reduce the temperature of the 
light source by the surface temperature controlling step. Accordingly, by using a 
reflection plate, brightness is maintained, and a thinner reflective plate can be used, and 
the entire device can be thinner. 

[0063] Also, according to claim 1 1, by setting refractive index of medium as close to the 
refractive index of transparent plate as possible, reflection losses at input are reduced. 
Input efficiency is improved even more, and li^tmg with good efficiency can be 
acquired. 

(Simple explanation of figures) 

Figure 1 : cross section which shows lighting equipment according to one example of this 
invention 

Figure 2: cross section which shows a different reflective surface in (A) or (B) 

Figure 3: graph of the emission and surface temperature of the hght source for the above 

lighting equipment 

Figure 4: side view of one specific example of the lighting equipment above 
Figure 5: cross section of a different example of the lighting equipment above Each 
different example is shown in (A) or (B). 

Figure 6: cross section of a different example of the lighting equipment above 
Figure 7: cross section of a different example of the lighting equipment above 
Figure 8: cross section of a different example of the lighting equipment above 
Figure 9: side view of a different example of the Ughting equipment above 
Figure 10: side view of a different example of the Ughting equipment above Each 
different example is shown in (A) or (B). 
Figure 1 1 : Section of the prior art. 

(Explanation of symbols) 
1 : transparent plate 
la: input surface 
lb: output surface 
2: light source 
3: reflective plate 
3a: breathing hole 
4: reflective sheet 
5: dot pattern 



6: heat pipe 
7: fan 

11: textured pattern 
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